Abstract: This paper evaluates the regionalization of soil and water conservation in China, decades after its widespread implementation across the country. The authors mainly address two questions. First, to what extent could achievements in soil erosion and water management be attributed to regionalization? Statistics and cases show that enhancement of research on soil erosion and ecology, popularization of technologies and mathematical methods and more complete databases are the main improvements to theoretical research; the distribution of region-specific measures and monitoring sites and the development of a responsibility system are the main impacts on practice. Second, is there any weakness to regionalization? Econometric and management methods are currently not well integrated into the process of regionalization; indicators used for division lack standardization, thus weakening the accuracy of regionalization; also, there are limits to its implementation. Using scenario analysis, the authors discuss the possibility of involving economics and management science in the process of regionalization and the approach to combine qualitative analysis with quantitative analysis, while also arguing the importance of establishing an effective cooperation mechanism between different government departments and between government and actors. For government, the evaluation could be helpful to recognize the success, strengths and weaknesses of regionalization of soil and water in China and hence to take further steps to formulate region-specific policies dealing with complex environmental and economic problems in different regions.
Introduction
Worldwide efforts at geographical regionalization have had a long history. Several efforts of regionalization developed by government agencies and scholars for improved understanding of nature or social principles are widely known to the public. Examples are global climate zones and agricultural belts of the United States [1] [2] [3] ; among which regionalization of soil and water conservation in China has existed for nearly 70 years and serves as a framework for soil erosion and water management over the whole country.
China spans nearly 50 degrees in latitude and has almost all existing landform patterns; types, rates and controls of soil erosion vary substantially from one region to another [4] [5] [6] [7] [8] . Chinese society is undergoing dramatic change. The eastern developed regions attract immigrants from the middle and Infrastructure (CNKI, the most comprehensive knowledge database that stores over 90% of information resources including Chinese journals, newspapers, conference proceedings, yearbooks, patents, standards, laws and regulations) and gathered the top 10 most highly cited articles (Appendix B) about regionalization. Since almost all research advances about regionalization of soil and water conservation can be accessed on this database, citations of these top 10 would cover most of the theoretical influences of regionalization. Second, we classified these citations according to both the research field they belonged to and their content and then calculated the citation number of each category. Third, according to the citation results and compared to the research advances promoted by regionalization with already exiting research before the implementation of regionalization, we detailed the effect of regionalization on theoretical research.
To study the effect of regionalization on practice, we combined on-the-spot investigation with information retrieval from research articles and government documents. The authors travelled to seven provinces (Shannxi, Gansu, Hubei, Hunan, Jiangxi, Fujian, Guangdong) in 2016-2017 and collected information including region-specific measures and the distribution and operation of soil erosion monitoring sites. Moreover, by consulting local ministries of water resources and local residents, the author acquired their attitude towards and comments on the implementation of regionalization.
To identify the weaknesses of regionalization itself, we selected a total of 19 regionalization schemes at different scales (Appendix C) and focused on the process of regionalization, especially the indicator systems they used. We compared the indicators used for regionalization at the same and at different scales to identify the drawbacks of indicator systems. Additionally, on-the-spot investigation helped to identify deficiencies of regionalization in practice.
Results

Effect on Theoretical Research
By keyword searching, the top 10 most highly cited articles were selected. As Figure 1 illustrates, the top 10 articles were collectively cited 204 times, excluding self-citations and repeated citations. Classified by discipline, they were cited139 times by articles on soil science, among which 32 articles were on the regionalization of soil and water conservation at different scales (e.g., province, city or watershed), another 107 were research on soil conservation, including 83 theoretical research works mainly concerning the benefit of soil conservation, and 24 empirical articles mostly were on the experience of soil erosion management. The other 65 articles of the total of 204 were on regionalization in general use within different research fields, especially in ecology (mainly concerning ecological regionalization and ecological compensation). In addition, 24 articles of the total 204 concerned RS technology and mathematical methods, while the other 180 did not. (Appendix B) about regionalization. Since almost all research advances about regionalization of soil and water conservation can be accessed on this database, citations of these top 10 would cover most of the theoretical influences of regionalization. Second, we classified these citations according to both the research field they belonged to and their content and then calculated the citation number of each category. Third, according to the citation results and compared to the research advances promoted by regionalization with already exiting research before the implementation of regionalization, we detailed the effect of regionalization on theoretical research.
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Effect on Theoretical Research
By keyword searching, the top 10 most highly cited articles were selected. As Figure 1 illustrates, the top 10 articles were collectively cited 204 times, excluding self-citations and repeated citations. Classified by discipline, they were cited139 times by articles on soil science, among which 32 articles were on the regionalization of soil and water conservation at different scales (e.g., province, city or watershed), another 107 were research on soil conservation, including 83 theoretical research works mainly concerning the benefit of soil conservation, and 24 empirical articles mostly were on the experience of soil erosion management. The other 65 articles of the total of 204 were on regionalization in general use within different research fields, especially in ecology (mainly concerning ecological regionalization and ecological compensation). In addition, 24 articles of the total 204 concerned RS technology and mathematical methods, while the other 180 did not. Hence, before detailed analysis, these numbers present general viewpoints: (i) regionalization of soil and water conservation influences not only soil science (both theoretically and practically), but Hence, before detailed analysis, these numbers present general viewpoints: (i) regionalization of soil and water conservation influences not only soil science (both theoretically and practically), but also other related disciplines; and (ii) although technologies and mathematical methods such as RS/GIS have been employed, there is still a long way to go to systematically integrate quantitative approaches into the process of regionalization.
Driving the Research on Soil and Water Conservation
Regionalization stimulates the generation of new concepts related to soil erosion. New concepts and formulas have been proposed in the process of regionalization [21] [22] [23] [24] . For example, the potential risk of soil loss (I e ) and the comprehensive index of soil erosion (E) were initially raised in 2007 by the Chinese Academy of Engineering to establish a technical framework for regionalization of soil and water conservation [24] . By calculating the I e and E value of different regions in the targeted area, a general distribution of soil erosion could be established and further help the regionalization. These two concepts were not only used for regionalization, but also have been employed in other research concerning soil erosion [25] [26] [27] , such as evaluating soil erosion susceptibility, capturing the spatial variation of soil erosion.
Comparative research has been promoted because of regionalization. As differences in both the natural environment and society between different areas have been emphasized by division, researchers are inspired to reveal more information with comparative studies. For example, Cheng et al. (2008) [28] compared the different characteristics of splash erosion on loess soil sampled in IV-2-2jt (the loess and hilly sub-region of Northwest Shanxi) and purple soil in VI-1-4tw (the Dabashan mountainous sub-region) and found that soil properties, especially particle size distribution, resulted in the different erosion rates in different regions. Ma et al. (2009) [29] calculated the economic losses caused by soil and water loss on slope cropland in four regions, and the result showed that the red soil region of Southern China suffers the most severe losses (84.63 billion yuan), followed by the Loess Plateau (64.96), the hilly and mountainous region of Northern China (26.78) and the black soil region of Northeast China (16.08); also, the different influences of soil erosion in different regions on sustainable development were analyzed.
Long-standing problems have been solved in the process of regionalization. The boundary between karst area of southwest China and red soil area of southern China had been an issue of controversy for a long time. However, this was settled in 2011 when the regionalization of soil and water conservation of the Pearl River drainage basin was carried out by the Pearl River Water Resources Commission. After detailed inspection and consultation with local departments and inhabitants, six counties (Hechi, Baise, Chongzuo, Longan, Mashan and Yicheng) in Guangxi province were determined as the northeast boundary between karst area and red soil area [30] .
Impacting Other Research Fields
Regionalization restricts plans and designs in other fields [31] . In planning the development of the Xinhua-Ziquejie scenic area, the exploitation of resources was severely restricted in high I e regions according to the regionalization of soil and water conservation of Xinhua county; different types of agriculture were applied in different regions (e.g., sightseeing agriculture and stereoscopic agriculture) [32] . Another case is the afforestation plan of Ningxia Hui Autonomous Region [33] . In generating the plan, regionalization of soil and water conservation of Ningxia was used to determine vegetation species and coverage, with the purpose to both restore native vegetation and conserve soil and water. Furthermore, ecology research has been enriched by regionalization. For example, indicators used for regionalization of soil and water conservation of Beijing were used in a P-S-R model for quantitatively evaluating the ecological security of Beijing [31] .
Regionalization serves as a framework for interdisciplinary research [34, 35] . Traditional research on soil science was mostly issue-oriented [36, 37] . After the appearance of regionalization schemes, however, this manner has been replaced by the region-oriented one to some extent. One can easily find that more research conducted by workers from two or more disciplines, especially ecology, economics and management science, is centering on complex issues within a particular region rather than viewing questions as isolated. For example, in 2010, a cost-benefit analysis of soil and water conservation in different soil and water conservation regions was accomplished by the cooperation between the Ministry of Water Resources (MWR) and local departments of economy. The investment cost, operating cost, total/net benefit and the average time to become profitable of different soil conservation measures in different regions were calculated and then served as the guide for distributing region-specific measures with the hope to balance economy and ecology. For example, in the third-level region, V-4-6tr (the Center Hunan sub-region), the investment cost, operating cost, total benefit and net benefit of land terracing were 3510, 4510, 22,570 and 14,550 million yuan, respectively, and the average time to become profitable was one year [24] .
Popularizing Advanced Methods and Completing Databases
Compared with experience, remote sensing (RS) and image interpretation are more accurate and convenient for acquiring the knowledge of how soil, vegetation, terrain and landform are integrated in a certain area, while this knowledge is the basis of regionalization [38] . The first use of RS in regionalization of soil and water conservation was by 56 technicians from the agriculture department of Shanxi province in October 1981, when they interpreted 200 images of the 23 quadrats picked out from six land types (i.e., farmland, woodland, grassland, water, eroded soil and check dams) in east Shanxi province and obtained 80 spectral curves [39] .
Regionalization in turn spreads RS technology. Once the advantage of this new approach had been realized, it was widely applied in divisions. For example, in January 1982, just three months after the very first use, a training course in RS technology was organized by the Department of Soil and Water Conservation in Ganzhou, Jiangxi province [40] . Trainees learned how to interpret 1972 MSS satellite images and how to map according to the interpretation. Using this knowledge, they acquired the soil erosion distribution of Xingguo (a county in Ganzhou), which was then mapped [41] .
Because quantitative methods could eliminate subjective judgment, which is considered as unreliable, as much as possible, mathematical methods were initially applied by Zhang (1990) [42] , who introduced fuzzy clustering into the process of regionalization of soil and water conservation of Ansai county, located in the central Loess Plateau. After that, more and more mathematical methods, including the stepwise method, constellation graphical method, etc., have been generally applied for regionalization of soil and water conservation [43] [44] [45] [46] [47] .
Because generating regionalization demands a large database of geographic and socioeconomic data, it is certain that these data, some of which were not collected or organized before, were completed in the course of regionalization. For example, the national soil erosion distribution map, drew in 2011 at the request of the workgroup for water census released in January 2010, with its detailed illustration, acted as an important basis for developing the national regionalization of soil and water conservation. Another case is that those 200 images interpreted by the agriculture department of Shanxi province, after being used for regionalization in 1981, were compiled and published in 1982 for further use [39] . Moreover, regionalization improved laws and regulations concerning soil erosion and water management. When the Law of the People's Republic of China on Water and Soil Conservation was first adopted in 1991, no articles were involved with regionalization. When it was revised in 2010, regionalization of soil and water conservation was written into the law as an article in a separate chapter (Chapter II, planning of soil and water conservation).
Effect on Practice
Distributing Region-Specific Measures
Regionalization serves as the basis for the distribution of region-specific measures. The proportion of the seven measures (terrace, tree, shrubbery, grassland, energy forest, non-tillage and check dam) commonly used in China varies between different first-level regions (Figure 2 
Distributing Monitoring Sites
Soil erosion monitoring sites are distributed according to regionalization [49] . In China, the existing monitoring system of soil erosion consists of one national monitoring center run by MWR, seven regional monitoring centers run by the Conservancy Commissions of the seven main rivers and 30 provincial monitoring centers run by provincial water resources departments. The 483 monitoring sites under the supervision of these 38 centers are generally evenly distributed in the 41 sub-regions divided by the national regionalization of soil and water conservation. Another case is as illustrated in Figure 3 : in order for soil erosion to be systematically monitored, the Huaihe River drainage basin was divided into seven monitoring regions, the boundaries of which are exactly similar to the boundaries of the soil and water conservation third-level regions [50] . 
Developing the Responsibility System
Regionalization enables the household responsibility system to operate. Before the 1980s, the period when the centrally-planned economy and equalitarianism prevailed, confusion over roles and responsibilities were one of the top reasons for less-than-ideal performance of soil erosion and water management. However, this has been changed after China's economic reform and decollectivization of agriculture. In 1984, the household responsibility system was applied to soil management in Sichuan province. According to the regionalization scheme, 19.6 million yuan was allocated to each region for practices [24] . The principle that "whoever has the land management right shall be responsible for its erosion management; whoever is responsible for erosion management shall be entitled to its benefit" encouraged farmers to build water conservation projects and terraced fields with labor and capital inputs. Another case is that from 1986-2005, the crop yield and per capita annual net income of rural households had increased from 4305 kg/hm 2 to 5600 km/hm 2 and from 504 yuan to 3630 yuan in eight southern China provinces where the responsibility system of soil erosion and water management was also implemented [24] . Furthermore, this system has been evolved into several new forms in the 21th Century. In Jiangxi province, the pattern "government-company- 
Regionalization enables the household responsibility system to operate. Before the 1980s, the period when the centrally-planned economy and equalitarianism prevailed, confusion over roles and responsibilities were one of the top reasons for less-than-ideal performance of soil erosion and water management. However, this has been changed after China's economic reform and decollectivization of agriculture. In 1984, the household responsibility system was applied to soil management in Sichuan province. According to the regionalization scheme, 19.6 million yuan was allocated to each region for practices [24] . The principle that "whoever has the land management right shall be responsible for its erosion management; whoever is responsible for erosion management shall be entitled to its benefit" encouraged farmers to build water conservation projects and terraced fields with labor and capital inputs. Another case is that from 1986-2005, the crop yield and per capita annual net income of rural households had increased from 4305 kg/hm 2 to 5600 km/hm 2 and from 504 yuan to 3630 yuan in eight southern China provinces where the responsibility system of soil erosion and water management was also implemented [24] . Furthermore, this system has been evolved into several new forms in the 21th Century. In Jiangxi province, the pattern "government-company-household", in which local governments offer preferential policies to companies who offer job opportunities to farmers, has achieved remarkable success. For example, a series of policies such as including Gardenia jasminoides planting into the "Returning Farmland to Forest" (RFFP) program [51, 52] , providing free nurseries and five years' tax exemption on agricultural specialty products attracted 264-million-yuan in capital investment in fiscal year 2004 alone, and over 4670 hm 2 of Gardenia jasminoides were planted. In addition, because villages within one region were more likely to take joint actions, regionalization made massive mechanization possible. In 2000-2004, under the supervision of a government workgroup, over 16,700 hm 2 of terraced fields were constructed by bulldozers in Tongwei county, Gansu province [53] .
Weaknesses of Regionalization
Weaknesses of Regionalization Itself
First, because socio-economic factors are of great importance for regionalization, it is necessary to have them integrated into the process of regionalization. However, the current situation is opposite. Methods and models of economics and management science have always been absent from regionalization. The proof is that, as in Figure 1 , only 3% of the total 204 articles concerned these two disciplines. However, the common practice of merely including some socio-economic factors into indicator system is not enough to reflect the effect of society and economy on regionalization. Second, economic and administrative departments fail to participate in the development of regionalization. Most of the regionalization schemes are generated merely by local and national departments of water resources without taking advice from others, e.g., the department of agriculture/transport/industry. The lack of cooperation between disciplines and between departments impairs the accuracy of division and could hinder its implementation once generated.
Second, building an indicator system by including core factors concerning geographic features, socio-economic condition and soil erosion (e.g., mean annual precipitation, population density and soil erosion rate) is the essential first step of regionalization [54, 55] . However, the indicator system has drawbacks. For a detailed statistical analysis of the indicator system, as in Table 1 , in total, 19 regionalization schemes have been selected, including three sets at the drainage basin scale, four sets at each regional scale, provincial scale, small watershed scale and country scale.
Define the Indicator's Degree of Aggregation (IDA) as the quotient of the net number of indicators (excluding repeated occurrences) divided by the total number of indicators. Larger IDA values indicate less aggregation and, hence, less uniformity. The IDA value of regionalization at the drainage basin scale, regional scale, provincial scale, small watershed scale and country scale were 0.80, 0.64, 0.51, 0.90 and 0.62, respectively. From these numbers, it is possible to conclude that regionalization at the same scale had no universally accepted standards for selecting indicators. Especially at the small watershed scale, even a total 51 indicators was used in the four schemes, and only four of them occurred more than once.
The lesser aggregation indicates that unreasonable indicators have been used for regionalization. For example, the proportion of fishery production in primary industry, reservoir volume and fertilizer used per year, which are barely related to soil erosion and water management, are considered as indicators for generating the regionalization of Lishui watershed [56] . Furthermore, involving too many less related factors into the indicator system resulted in a noticeably high correlation between indicators. In developing the regionalization of Yunnan province [20] , the proportion of nonagricultural population and the proportion of agricultural population were both included in the indicator system. However, the Pearson's correlation coefficient between the two variables was one, indicating that a liner function, y = 1 − x, could explain their relationship. Considering that all indicators could impact the calculation, there is no doubt that unreasonable indicators and collinearity between variables could damage the accuracy of fuzzy cluster analysis, which serves as a basis of regionalization.
In contract with regionalization at the same scale, works at different scales tended to use more similar indicator systems. The scale effect lost its significance. By adding up the number of the most repeated indicators at each scale and removing repeated occurrences, we obtained the total IDA value of 0.42, which is much lower than that at any scale, indicating that too many factors were repeatedly used at different scales. For example, population density and vegetation coverage were the two most repeated indicators at both the drainage basin scale and small watershed scale. This suggests that for both of the two scales, while a drainage basin could be 20-30-times larger than a small watershed, the population density and vegetation coverage were all key factors for regionalization. However, this was in contradiction to already existing knowledge, that heat and rainfall (controls of vegetation coverage) worked on larger scales, while human activities (partly expressed as population density) were only prominent at scatter ed sites [57, 58] . 
. Lack of Implementation
Because of the incomplete communication platforms and the conflict of interest between different regions and between different departments of government, there is a lack of a data sharing mechanism in China. This causes the data of some factors, which may have important influence on division, not to be included in the indicator system for calculation. Consequently, the accuracy of regionalization could be weakened.
Second, in many cases, regionalization schemes are merely formalities. Decision makers do not recognize regionalization schemes as the basis of distributing region-specific measures; they tend to put less emphasis on local-specific soil erosion management, but apply other region's experience without adjustment. Hence, regionalization only is done to cope with supervisors' requirements and has no practical effects on practice.
Third, the regionalization of soil and water conservation could be in conflict with other regionalization schemes or development plans generated by departments of transport, housing, land resources, water resources, environment, agriculture and industry. For example, in many cases, a certain area could belong to both a forbidden development region in the regionalization of soil and water conservation where human activities are prohibited to avoid soil disturbance and the development region in the plan of transport where an expressway is intended to be constructed. Under this circumstance, actors would be confused about balancing environment protection and infrastructure construction. This conflict is because the performance assessment of the Department of Transport does not include its responsibility for the environment; likewise, the performance assessment of the Department of Water Resources does not include its responsibility for construction. Consequently, each department acts to its own benefit, and plans and ideas of different departments are hardly exchanged clearly and efficiently. Furthermore, as the national policy of "remain committed to economic development as our central task" is currently valid, the priority of regionalization of soil and water conservation is in doubt.
Discussion
Modifying the Process of Regionalization
Integrating Economics and Management Science
As mentioned in Section 3.1.3, fuzzy clustering has been widely used in the process of regionalization. Cluster analysis assigns every single unit to clusters such that units in the same cluster are as similar as possible, while units belonging to different clusters are as dissimilar as possible [59] . Clusters are identified via the Euclidean distance; a certain region belongs to the category in the regionalization scheme that has the shortest Euclidean distance to it.
However, there are times that the Euclidean distance disables identifying clusters. Consider the scenario in Figure 4 : Cities 1~6 located in Regions A, B and X and connected by Roads a~h; A, B are already existing first-level regions, and A-X and B-X have the exactly same Euclidean distance. The question is: should Region X be incorporated into A or B?
Apparently, fuzzy clustering is not applicable here because the equal Euclidean distance failed to identify clusters. However, the minimum cost flow model could be used. This model belongs to operational research and management science. As an approach to linear programming problems, it has been widely used in economics [54, [60] [61] [62] . This model views cities as nodes and roads as arcs; goods (flow) transported from a supply city to a demand city (whether via a transshipment city or not) are limited by the cost per unit and the road capacity. The minimum transportation cost between two cities could be calculated by the following formula:
for each node i, subject to:
and for each arc i → j:
where Z represents the minimum cost between node i and j; cij represents the cost per unit flow through arc i → j; xij represents the flow through arc i → j; uij represents the arc capacity for arc i → j; bi represents the net flow generated at node i. When applying the minimum cost flow model in this scenario, we first make hypotheses:
(i) Soil erosion management in the undeveloped Region X demands resources support from developed Regions A and B; (ii) In Figure 4 , Cities 1 and 4 are supply cities; City 3 is a demand city; Cities 2, 5 and 6 are transshipment cities; (iii) Road condition, truck availability and resource abundance limit the road capacity (unit: t) and the cost per unit (unit: dollars per t); (iv) In Figure 4 , the road capacity and the cost per unit are listed in the brackets; (v) Managers want the maximum flow and the minimum cost at the same time.
Hence, for Regions A and X, we have:
Minimum ZAX = 2x12 + 3x13 + 4x23 subject to: x12 + x13 = 14, x23 − x12 = 0, −x13 − x23 = −16 and 0 < x12 ≤ 5, 0 < x13 ≤ 9, 0 < x23 ≤ 7.
For Regions B and X, we have:
Minimum ZBX = 3x45 + 3x46 + 6x43 + 2x53 + x63 subject to: x45 + x46 = 15, −x53 − x43 − x63 = −14, x45 − x53 = 0, x46 − x63 =0 This model views cities as nodes and roads as arcs; goods (flow) transported from a supply city to a demand city (whether via a transshipment city or not) are limited by the cost per unit and the road capacity. The minimum transportation cost between two cities could be calculated by the following formula:
where Z represents the minimum cost between node i and j; c ij represents the cost per unit flow through arc i → j; x ij represents the flow through arc i → j; u ij represents the arc capacity for arc i → j; b i represents the net flow generated at node i. When applying the minimum cost flow model in this scenario, we first make hypotheses:
(i) Soil erosion management in the undeveloped Region X demands resources support from developed Regions A and B; (ii) In Figure 4 , Cities 1 and 4 are supply cities; City 3 is a demand city; Cities 2, 5 and 6 are transshipment cities; (iii) Road condition, truck availability and resource abundance limit the road capacity (unit: t) and the cost per unit (unit: dollars per t); (iv) In Figure 4 , the road capacity and the cost per unit are listed in the brackets; (v) Managers want the maximum flow and the minimum cost at the same time. Calculating the two linear programming equation sets, we have the results: for Regions A and X, the maximum flow and the minimum cost are 14 t and 57 dollars per t; for Regions B and X, the numbers are 14 t and 67 dollars per t. Since to maintain the same maximum flow, Region A costs less than Region B, it is reasonable for Region X to be incorporated into Region A for efficient management.
There are other models that could be employed in the process of regionalization; examples are the shortest-path model, the maximum flow model and the network simplex method [63] . Applying these models/methods makes it possible to realize better interdisciplinary cooperation in the process of regionalization and, thus, better regionalization schemes.
Combining Quantitative Analysis with Qualitative Analysis
The "3S" technology and mathematical methods have limitations when employed in regionalization [64] . First, indicators selected have been limited to those that are easy to express as exact numbers rather than descriptions; mathematical models could hardly include several important socio-economic factors quantitatively, such as farmers' enthusiasm for soil conservation. Moreover, mathematical methods and computer calculation occasionally make it possible to use more unreasonable factors. Because computers can process a large volume of data at extremely high speed, some research is encouraged to include as many indicators as possible. For example, in generating the regionalization of soil and water conservation of Yunnan province [20] , a total of 86 indicators was included in the indicator system, ten of which were about slope cropland: the area of slope cropland, the area of slope cropland with slopes <5 Second, because cluster analysis and the Euclidean distance are commonly used for division, mathematical methods only calculate indicators as numbers and throw their actual meanings away [65] [66] [67] . This could be illustrated by a scenario analysis assuming that: (i) R2 and R3 are two existing first-level regions; (ii) the indicator system includes only two factors: X1, soil erosion rate, and X2, population density; (iii) µ(X1) and µ(X2) are membership functions determined by the random fuzzy statistics method, and the dependent variables' values are listed as in Table 2 . The work is, by calculating the Euclidean distance with the formulas below, to determine whether the second-level region R1 should be incorporated into R2 or R3.
where r ij represents the Euclidean distance between areas i and j; n represents the total number of indicators (here, two); X ik and X jk are the values of the k-th factor in areas i and j, respectively. Calculations (r 12 = 0.4, r 13 = 0.5) demonstrate that, technically, R1 could be incorporated into R2 as they have a comparatively lower value, therefore shorter distance. However, if we thoroughly inspect Table 2 and consider the actual meanings behind those figures, a question would be posed. Both R1 and R3 have a comparatively high soil erosion rate and low population density; on the contrary, R2 has a comparatively low soil erosion rate and high population density. Thus, is it inappropriate to incorporate R1 into a region that has the quite opposite condition? As region-specific soil erosion and water management expect measures could be implemented in a more homogeneous region, perhaps it is more reasonable to incorporate one area into another that shares similar natural characteristics and social conditions. Holding to this thought, qualitative analyses are needed for further study.
Strengthening the Implementation of Regionalization
To let regionalization of soil and water conservation guide the practice of soil erosion and water management, works should be emphasized on: (i) constructing a data sharing platform between different regions and between different departments of government to guarantee researchers' access to the data needed for regionalization; (ii) coordinating the work of different departments of government to avoid conflict between different regionalization schemes and plans; and (iii) raising decision makers' awareness of the effect of regionalization on region-specific soil conservation practice to lead to them formulate policies balancing economy and environment.
Both theoretical research on soil erosion and management practices of soil and water conservation are the bases of regionalization because of the theories and experience they brought. Studies on controls of soil erosion could help to establish a more reliable indicator system; already existing conservation projects are also important for division. At present, there is a trend that both governments and researchers tend to introduce more mathematical methods into the process of regionalization without considering their real effect. In the authors' view, it is of priority to pay more attention to practice, because it is just meaningless to do regionalization work if actors do not have profound understanding of the importance of regionalization and if government departments do not put regionalization into practice.
Conclusions
This article is the first time the achievements and drawbacks of regionalization of soil and water conservation in China after its nearly 70-year implementation have been generally evaluated. Combining statistical analysis and on-the-spot investigation, the effect of regionalization on theoretical research and on practice are evaluated. Results show that regionalization drives the research on soil and water conservation, and other disciplines, especially ecology, popularize the "3S" technology and mathematical methods and help database construction. Regionalization serves as a framework for distributing region-specific measures and soil erosion monitoring sites, while also complementing the responsibility system that could encourage works on soil erosion and water management. On the other side, there exists limits to regionalization itself and its implementation. Addressing these weaknesses, methods of economics and management science should be employed in the process of regionalization, and qualitative methods should be combined with quantitative methods. Above all, for better implementation of regionalization in practice, it is of great importance to establish an effective cooperation mechanism between different government departments and between the government and actors. For researchers in the field of regionalization, deeper interdisciplinary research could be inspired by the idea of integrating operations research into the process of regionalization. For governments, this evaluation could be helpful to recognize the success, strengths and weaknesses of regionalization of soil and water in China and hence to take further steps to formulate region-specific policies dealing with complex environmental and economic problems in different regions. 
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Appendix B. The Top 10 Most Highly Cited Articles (Source: CNKI)
Note: Some titles and abstracts have grammatical/spelling errors or "Chinglish" expression, instead of correct we keep their published form. Four of the ten are Master's Thesis, they may hardly access unless searching in Chinese databases. However, these do not weaken their popularity, because the ideas and methods of these articles do contribute to the regionalization of soil and water conservation in China.
(1) Problems of regionalization and planning of soil and water conservation in China.
Zhiguo Wang, Chunhong Wang, 2007 . Science of Soil and Water Conservation. 5 (1), 105-109.
Abstract: Soil and water conservation planning is based on the data the of regionalization of soil and water conservation, and the data of soil erosion classification and regionalization. It is very important to understand the relation between the kinds of regionalization and planning correctly. Some conceptions, problems and interaction about it be discussed in this paper. The main viewpoints are that water resources administration should work out the blue prints of soil and water conservation regionalization, soil erosion regionalization and ecological natural restoration regionalization based on investigated results of soil erosion. Abstract: In this study, soil and water conservation, ecology, ecological economics theory as a guide, soil and water conservation function of ecological services division base on comprehensive analysis of China's soil erosion and soil and water conservationon. Use avariety of methods to evaluate the ecological functions of Soiland Water Conservation value and the status and dynamic changes of the ecological services function capacity. According to the status quo value of soil and water conservation ecological services on the national ecological regionalization, explore the ways and methods of the Soil and Water Conservation ecological services compensation. Main research results as follows:
1.
Soil and Water Conservation ecological services functional definition refers to the process of soil and water conservation and the use of various measures to maintain, improvement and protection of human society and human survival in the natural environment for the comprehensive effectiveness, including the maintenance and water conservation, maintain and improve soil function of maintaining biodiversity, carbon fixation and oxygen release, air-cleaning, sand-fixing and maintaining the landscapes even functions, which functions of the former three is main functions.
2.
Soil Conservation Service ecological value of the concept of assessment: In particular scale and scope of regional soil and water conservation measures for the human and social services provided by the monetary measurement research. Among them, maintain and improve soil conservation value through conserving soil, reduce sedimentation and reduce soil erosion to measure; maintain and water conservation function through the protection of water resources and flood prevention measure; Air-cleaning through absorption value of SO 2 , reduce the absorption of fluoride and dust to measure; carbon fixation and oxygen release through vegetation value oxygen absorption of CO 2 and O 2 release to measure; maintain biodiversity functions, sand-fixing and wind preservation functional and the environment landscape function their evaluation index and function have the same name. 3.
Preliminary estimates the National Soil and Water Conservation ecosystem services volume value of the status quo: protection and conservation of water ecosystem services amount to 5.92 billion m 3 , maintain and improve the soil ecosystem services of a total of 8.09 billion tons. The various zones of ecological services for the overall ranking: Northwest > Southwest > South China > North China > Northeast; In additional, grass and forest measures, ecological restoration and project measures on the ecological services-oriented effect, and ecological restoration and the grass and forest measures more important than the projects measure; Simply take a soil and water conservation measures of soil and water significantly lower than the results of the effect of comprehensive measures.
4.
In 2003, additional soil and water conservation measures with a total value of ecological services for 10.021 billion yuan. Among them, maintain and improve soil and water conservation have a largest value. Sand-fixing and wind preservation functional is rather important in "Three North" area.
5.
Northeast, north China, northwest, south and southwest of five patches in 1950-1990, 1991-2005, 2006 -2010, three periods of ecological services value is 74.668 billion yuan, 141.764 billion yuan and 172.692 billion yuan. 6.
Rainfall, soil erosion modulus, biological diversity and GDP was significantly correlated with ecological services total value, Soil bulk density, >10 • C accumulated temperature, wind speed, the average annual sunshine hours with total value is relevant intergovernmental relations, only with the total value of the average air humidity, altitude is not significant. The total value of ecological services is more sensitive. 7.
National water and soil conservation ecological services division to be three types of areas: water and soil conservation service fragile ecological zones (I), sensitive district of soil and water conservation ecological services (II) and ecological monitoring district (III). 8.
Soil and Water Conservation ecological services should be viewed as public goods; in the development process should be used for ecological compensation. Ecological compensation funds come from four ways: Region II, III region rely on industries, compensation for damage to sectors that benefit from benefit sectors; when resources development in I, the deposit should be paid to the development of enterprise compensation; II, III district through watershed ecological compensation for I district; establishment of a fund through all people taxes collected to co-ordinate arrangements for inter-generational compensation. 9.
In ecologic compensation strength, compensation strength to carry out full compensation to I and the soil and water conservation ecological services value is lower boundary; II ecological compensation intensity should do to meet "the necessary compensation" and "full compensation" according to local conditions, the soil and water conservation ecological services value is upper-limit; Soil and water conservation construction input can be as its upper-limit to III district. Abstract: Regionalization of soil and water conservation is the basis for the planning of soil and water conservation in China. It can provide scientific basis for constructing healthy ecological environments and regional management and development. It makes a brief review of related regionalization of study and makes clear the concept of regionalization of soil and water conservation. In this paper, based on synthetical analysis of the characteristics of ecological environments of China, the principles, indices and nomenclature of the regionalization of soil and water conservation are proposed. Through the construction of the regionalization of soil and water conservation collaboration platform and data reporting system, combined with the existing soil and water conservation research, this paper uses the top-down and bottom-up and the combination of qualitative and quantitative methods to build soil and water conservation regionalization preliminary scheme, with 8 regions, 41 subregions and 117 sections divided across the country. Abstract: Regionalization of soil and water conservation is an important and based work of soil and water conservation work. In this paper, initiating with the positioning, development history and current situation of the regionalization of the soil and water conservation, the existing problems of the regionalization of the soil and water conservation in China was analyzed, the characteristics, principles, principles of index setting, methods of the regionalization of soil and water conservation were discussed, and the framework of the regionalization of soil and water conservation in China was presented preliminarily. Abstract: Developing nation wide ecological restoration researches for soil and water conservation are proposed in China. In this paper, optimal conditions of ecological restoration were analyzed abide by the principle of heterogeneity, zonation, grade, conjugacy, primary factor and county land integrity. The special mapping database was developed, based on the raw materials of 2861 counties. With the application of GIS, choosing the key actors, such as climate, vegetation, soil, physiognomy, the types of soil erosion, and population density, the national area, except TaiWan and maritime space, was divided into 4 first-level ecological restoration domains and 14 second-level ecological restoration regions by the way of adopting superposed analytical method and superincumbent partition method. Humid and Sem-humid ecological restoration domains have better natural conditions for afforestation. Arid and Semi-arid ecological restoration domains are only fit for afforestation in brush-fire area.
(6) Study on soil and water conservation regionalization and its system architecture-case in Shanxi Province.
Chao Zhang, 2008 . Beijing Forestry University, Beijing. Master's Thesis.
Abstract: Soil and water conservation regionalization has been a focus in basic research of Soil and Water Conservation, but the systemic research of soil and water conservation regionalization in large-scale is not much. The systemic and deep studies on soil and water conservation regionalization in China were done in the theories and methods in this paper. The studies have important theoretical and practical significance to the development of soil and water conservation regionalization in China, and certain significance to guide works of soil and water conservation in China. In this paper, study methods of theoretical analysis and example analysis are used. On the basis of the comprehensive analysis of domestic and international studies, history, current situation and existing problems of soil and water conservation regionalization are understood correctly. The connotation and nature of soil and water conservation regionalization are defined, and soil and water conservation regionalization is posited. The theoretical basis and principles of soil and water conservation regionalization are defined, indexes system design principles and component of soil and water conservation regionalization in China are presented, and methods of regionalization are confirmed. For the first time, the system architecture of soil and water conservation regionalization is discussed; research and analysis are carried out in Shanxi Province as an example in this paper. The results show that:
(1) Soil and water conservation regionalization is the sector compositive regionalization, is a basic task of soil and water conservation, is a macro, strategic, directional and technical document, is the strategy in large and medium-scale of soil and water conservation. (2) Basic theories of soil and water conservation regionalization include regional heterogeneity rule, sustainable development theory, the system scientific principles, ecological economics, soil and water resource management differences; Regionalization principles include genetic principle, similar in the region and difference between regions, holistic principle, dominant principle, regional conjugate principle, integrity of the administrative border, combining qualitative and quantitative analysis, time limit principle. (3) Based on the design principles of indexes system of soil and water conservation regionalization, and combined impact factor of soil and water conservation, indexes system includes four elements of nature, land use, society-economy, soil erosion and water loss, principal component analysis is used to extract components and the weight of every component is put by rate of contribution. (4) The methods combining statistical analysis and spatial overlay analysis are used in soil and water conservation regionalization. Firstly, hierarchical cluster analysis is carried out according to integrated scores of every component, so zoning maps of every element are gotten. Where after, spatial overlay analysis is processed by GIS, zoning maps of every element are folded, so the results of soil and water conservation regionalization are achieved after adjusting. (5) The system architecture of soil and water conservation regionalization in China is the integration including research system, framework system and application system. Research system is the technical support system. Framework system includes the database system and establishment of soil and water conservation regionalization system, which is the way to the realization of soil and water conservation regionalization system. Application system defines the legal status of soil and water conservation regionalization and the relation between related regionalization (district), this system is the guarantee to execute soil and water conservation regionalization. (6) Based on the example of Shanxi Province, soil and water conservation regionalization is carried out according to determined theories and methods, which proved the scientificalness of theories and the feasibility of methods. The innovation of this paper: Through studies, the position of the soil and water conservation regionalization is defined clearly. The extraction methods of the dominant components from every element are presented, and regionalization methods combining statistical analysis and spatial overlay analysis are used. The system architecture of soil and water conservation regionalization in China is put forward, that has important guiding significance to the future works of soil and water conservation. Abstract: With beautiful Chinese ecological civilization construction and the national strategic target, the problem of ecological environment construction and regional sustainable development has become the focus of attention of many scholars. Soil and water conservation is a long-term basic state policy of China, soil and water conservation regionalization is the key premise of the planning. However, at the request of the new period, the problem of nationwide and large-scale soil and water conservation regionalization still has not been resolved. Based on the national primary soil and water conservation regionalization soil, this article is focused on systems, methods and functions of secondary and tertiary soil and water conservation regionalization. This paper is based on summarizing the relevant division results and a comprehensive analysis of China's natural geography, soil erosion, ecological environment, social and economic characteristics. Giving full consideration to the characteristics and needs of economic and social development of regional soil and water conservation. The paper is to established the basic principles, methods and index system and put forward the type of soil and water conservation function, the evaluation index system and method. The data were collected through the National Soil and Water Conservation regionalization data reporting system. The paper completed secondary and tertiary soil and water conservation regionalization and functional orientation by remote sensing, geographical information system (ARCGIS), statistical analysis (SPSS, MATALAB) and other technical. According to the leading function, the paper put forward the prevention technology ways. This paper chooses Northwest Loess Plateau and South China red soil region as a typical case study.
The purpose of this study is to provide a scientific basis for soil and water conservation regionalization and ecological environment construction. Ideas and results of this study are as follows:
1. This paper determines the soil and water conservation regionalization theoretical foundation and principles. Soil and water conservation regionalization is integrated sector economic regionalization, which is distinct but related to the completed the topography, soil and forestry regionalization. The regionalization was based on natural geographic differentiation theory, scientific theory and ecological economic theory, using principles of regional similarity and inter-regional diversity, combining the dominant factor with synthesis, regional continuity, taking the larger one, dominant function of soil and water conservation as the regionalization principles. The objectives and tasks of secondary and tertiary soil and water conservation regionalization raised by related division level hierarchy. 2.
The paper constructs the index system and method of soil and water conservation regionalization. After analyzing the impact factors of soil erosion and soil and water conservation, the results showed that the index system consists of four aspects including natural geographic features, soil and water conservation research, this paper uses the top-down and bottom-up and the combination of qualitative and quantitative methods to build soil and water conservation regionalization preliminary scheme. Component analysis, system clustering, artificial neural network (SOFM), the spatial overlay status evaluation and experts discrimination were defined as Soil and Water Conservation regionalization method. The county-level administrative regionalization was defined as the basic unit of regionalization.
3.
Secondary soil and water conservation regionalization. The basis for regionalization was defined and the indicators include reference common indicators of the characteristics of dominant landforms and altitude, soil erosion type and intensity, hydrothermal indicators. The method of analysis is quantitative analysis, combined with qualitative. Northwest Loess Plateau as a instance, the average annual rainfall, vegetation cover and erosion intensity ratio were selected as the five leading indicators, through the use of system clustering method, the Northwest Loess Plateau is divided to five secondary regions. Spatial overlay analysis and artificial neural network model were used to analysis the secondary regionalization in Southern Red Soil Regions. Eight secondary regions were reached analyzing 6 indicators including the average annual rainfall,ˆ10"C accumulated temperature, land use type, soil type and others with spatial overlay. It is divided to eight secondary regions analyzing 9 indicators including the average annual rainfall, the average runoff, >15 • C slope area ratio, more than mild erosion area ratio, mountain area and others with artificial neural network model (SOFM). By analyzing the results of two methods, combined with expert discriminant, Southern Red Soil Regions is divided to eight secondary regions.
4.
Tertiary soil and water conservation regionalization. This paper proposes the tertiary soil and water conservation index selection principles and methods of regionalization. The tertiary soil and water conservation regionalization was studied by taking the Northwest Loess Plateau for example» and the classify of secondary regions were studied in comparison with the technical solution by factors. The index system of tertiary regions in Northwest Loess Plateau includes natural factors, factors of soil erosion, land-use factors and economic and social factors of a total of 24 indicators. The plan a is based on the combination of principal component analysis and system clustering method for the tertiary regions of each secondary regions. The plan b is based on the principal component analysis, cluster and spatial overlay by combining the elements. By contrast plan a and b, the Northwest Loess Plateau is divided into 16 sections combined with expert discriminant.
5.
Soil and Water Conservation Function Orientation and partition prevention. This paper proposes 8 basic functions of soil and water conservation with the connotation and defined conditions, and the function of soil and water conservation evaluation index system and evaluation methods. Northwest Loess Plateau function importance evaluation map is obtained through the function of evaluation results of soil and water conservation, then by spatial overlay analysis, received the Northwest Loess Plateau Soil and Water Conservation comprehensive evaluation map. The Soil and Water Conservation dominant function of each tertiary regions in the Northwest Loess in determined by stacked the comprehensive evaluation map with tertiary regions boundary. The partition prevention technical ways is put forward by the dominant function of the tertiary regions.
Through studies, the objectives and tasks of the secondary and tertiary soil and water conservation regionalization is defined clearly. This paper constructs the index system of soil and water conservation regionalization. and explores the dominant index, principal component analysis, cluster analysis, artificial neural network (SOFM), spatial overlay and expert evaluation division method in feasibility zoning of soil and water conservation. This paper first put forward positioned the tertiary regions by dominant function and the evaluation index system, and for the different partitions prevention technical approach. It is to provide the theoretical basis and practical significance for the regionalization and planning of soil and water conservation in China. Abstract: Yi-Shu-Si basin of Shandong province is the most serious area of water and soil losses over Huaihe basin. The emergence and development of water and soil losses for a long time, cause the land to cut brokenly, the area of stony desertification is expanded, natural vegetation depredated, bio-diversity destruction, soil degradation, water resource consume, ecosystem function decay, flood and droughts hurt getting frequent, have formed the special erosion environment. The extensive distributions of soil and water losses have aggravated the contradictions of the population, resource, environment and development, high-density population avail themselves of the natural resources predatorily in order to survive and develop. It has very important meanings in controlling water and soil losses and constructing eco-environment to carry on ecological function districts and to study the erosion characters of Yi-Shu-Si basin of Shandong province.
Because of its ocular, vivid, high-efficient working way, diversified information sources and strong ability to deal with space data, GIS is widely used in such fields as water and soil conservation and ecological function districts, etc. The application of the computer and GIS has brought enormous efficiency in water and soil conservation in recent years, especially in soil corroding investigating and appraising aspects. It has saved the funds expenses, raised efficiency, produced enormous society and economic benefits since GIS is more and more used in soil corroding investigating, setting-up of the information system of water and soil conservation and ecological function districts.
Referring to the domestic and international materials about soil and water losses and conservations, the thesis sets up the ecological function evaluation index system and appraise models of water and soil conservation for the experimental region combining t its uniqueness. Based on the evaluation of the ecological function of water and soil conservation, the experimental region is divided into several different kinds of ecological function districts and the countermeasures for constructing eco-environment are put forward.
First of all, the thesis defines the ranges of Yi-Shu-Si basin of Shandong province, summarizes the physical geography state and social economic situation of this area and analyses the soil erosion situation and problems existing in ecological environment construction and protection work at present. Secondly, it confirms each factor of the sensitiveness that influences the soil to corrode according to the principles, such as scientific, practical, quantitative, etc. Then the thesis analyses the impact on soil erosion of R, K, S, C factor separately and carries on comprehensive appraisal; And appraises the ecological service function referring to "the tentative specification of ecological function zoning". Finally, the thesis marks off the ecological function districts of water and soil conservation. According to the guidelines and principle of ecological function zoning of water and soil conservation, it concretely gives the zoning basis of Yi-Shu-Si basin of Shandong and makes several districts based on the natural geographical feature of space, space dispersed differentiation law of soil corrode sensitiveness and ecological service function type. On this basis, it sums up the characteristic of each ecological function district, including physical geography condition, climate description, typical ecosystem type, main ecological environment questions that exist or potential and ecological protective measures.
(9) An approach to soil and water conservation division in Shandong Province.
Yujian Wang, 1990 . Bulletin of Soil and Water Conservation. 10 (5), 19-22. Abstract: The soil and water conservation division of Shandong Province was discussed in this paper. Based on the natural and social conditions, the factors which affect soil erosion and water loss and erosion situation, the principle of soil and water conservation division in Shandong Province was proposed under the premise of water conservancy ministry for unified division of first and second grade. According to this principle, whole province was divided into 3 third grades and 12 subgrades.
(10) The use of fuzzy clustering in regionalization of soil and water conservation.
Hanxiong Zhang, 1990 . Soil and Water Conservation in China. 11, 52-54. This article is the first-time mathematical methods employed in China for regionalization of soil and water conservation. Because it didn't involve any abstract in English, we summarize its main points as follow:
(1) Fuzzy clustering was used for regionalization of soil and water conservation in Ansai country, Losses Plateau; (2) Eight factors were selected for building the indicator system: mean annual precipitation, depth of runoff, gully density, vegetation coverage, the proportion of terrace land, population density, soil erosion modulus, and per capita cultivated land; (3) Consequently, three regions were recognized.
